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We investigate the new observational constraints on f(T ) gravity that arise from the effects of
primordial gravitational waves (GWs) on the cosmic microwave background (CMB) anisotropies
and the BB spectrum. We first show that on the GWs propagation in f(T ) gravity we obtain only
an amplitude modification and not a phase one, comparing to the case of general relativity in the
background of ΛCDM cosmology. Concerning primordial GWs we find that the more the model
departs from general relativity the larger is the GW amplitude decay, and thus a possible future
detection would bring the viable f(T ) gravity models five orders of magnitude closer to ΛCDM
cosmology comparing to standard cosmological constraints. Additionally, we use the CLASS code
and both data from the Planck probe, as well as forecasts from the near-future CORE collaboration,
and we show that possible non-trivial constraints on the tensor-to-scalar ratio would offer a clear
signature of f(T ) gravity. Finally, we discuss on the possibility to use the properties of the GWs
that arise from neutron stars mergers in order to extract additional constrains on the theory.
PACS numbers: 98.80.-k, 95.36.+x, 04.50.Kd, 04.30.Nk
I. INTRODUCTION
The LIGO and Virgo collaborations reported the first
direct detection of gravitational waves (GWs) through
the GW150914 event [1], that was produced from the
merger of a pair of black holes with masses around 36
and 29 solar masses and the subsequent ringdown of a
single black hole, while similar GWs event were later re-
ported in [2–6]. Recently, the detection of a binary neu-
tron star merger with a GW (GW170817 event [7]) and
an electromagnetic counterpart (GRB 170817A event [8])
opened the window of multi-messenger GW astronomy.
Certainly, the detection of GWs is a potential indication
for a new era in modern astrophysics and cosmology, of-
fering a new spectrum of possibilities to investigate na-
ture at the fundamental level.
On the other hand, another important aspect in cos-
mology is to investigate the cosmic origin through a possi-
ble detection of primordial gravitational waves and their
effect on the Cosmic Microwave Background (CMB) in
the very low frequency band, which is expected to bring
new astrophysical and cosmological information. The
primordial GWs can be quantified through the tensor-to-
scalar ratio r evaluated on some pivot scale. The Planck
collaboration within ΛCDM+r has reported r < 0.10
at 95% confidence level (CL) by combining tempera-
ture, low-polarization, and lensing, at the pivot scale
k∗ = 0.002 Mpc−1 [9].
Concerning the research on the fundamental gravita-
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tional interaction, the GWs detection can be extremely
helpful since the underlying gravitational theory deter-
mines both the properties of the GWs themselves (speed,
polarization modes etc) as well as the properties of the
background on which they propagate (the expanding uni-
verse). Thus, one can use the GWs measured proper-
ties and extract valuable information for the structure of
the fundamental gravitational interaction. For instance,
from the recent GW170817 and GRB 170817A events,
which showed that GWs propagate practically with the
light speed, one may impose strong constraints or ex-
clude various modified gravity theories of the literature
[10–13] (see [14] for a latest review). Implications of an
electromagnetic counterpart measurement for a range of
modified gravity theories was also previously discussed in
[15, 16].
One class of theories of modified gravity that have re-
cently attracted the interest of the research is the tor-
sional gravitational modification, such as the f(T ) grav-
ity. In this theory one describes the gravitational inter-
action through the torsion instead of the curvature ten-
sor, and thus the Lagrangian is a function of the torsion
scalar T (see [17] for a review). Hence, f(T ) gravity cor-
responds to a novel gravitational modification, with no
known curvature equivalence, and it proves to lead to in-
teresting cosmology at both early and late times [18–50]
and be in agreement with observations [51–56].
Some preliminary investigations concerning the GWs
properties in f(T ) gravity have been performed in [57,
58], where it was shown that their speed is equal to the
light speed and thus the constraints from GW170817 are
trivially satisfied (see also [59, 60] for the GWs proper-
ties in other modified teleparallel gravities). In this work
we are interested in studying the new observational con-
straints that can be imposed on f(T ) gravity from the
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2advancing multi-messenger GW astronomy. Moreover,
we examine the effect which primordial GWs have on
the cosmic microwave background (CMB) anisotropies
and we examine the corresponding constraints. Finally,
we discuss on the possibility that GWs from neutron star
mergers could lead to additional constraints on the the-
ory.
The manuscript is organized as follows: In Section II
we present the equations that determine the propagation
of GWs in f(T ) gravity, and we quantify their modi-
fication comparing to the case of general relativity in a
background of ΛCDM cosmology. In Section III we study
the observational constrains that arise from primordial
GWs, and in Section IV we use the CLASS code and
data from the Planck probe and forecasts from the near
future CORE collaboration in order to quantify the ef-
fects of primordial GWs on the CMB anisotropies and
the BB spectrum. In Section V we discuss on the pos-
sibility to extract constraints from GWs that arise from
neutron star mergers. Finally, in Section VI we present
the conclusions.
II. GRAVITATIONAL WAVES IN f(T ) GRAVITY
In this section we describe the equations of f(T ) grav-
ity, as well as the formulation of the tensor modes prop-
agation in this cosmological context.
In the framework of torsional gravity ones uses the
tetrad fields eµA, which form an orthonormal base in the
tangent space of the underlying manifold (M, gµν), where
gµν = ηABe
A
µ e
B
ν is the metric tensor defined on the man-
ifold M. Throughout this work we use the Greek in-
dices to denote the coordinate space and the Latin in-
dices for the tangent space. Furthermore, unlike general
relativity which uses the torsionless Levi-Civita connec-
tion, here we use the curvatureless Weitzenbo¨ck connec-
tion
w
Γ
λ
νµ ≡ eλA ∂µeAν [61]. Thus, the gravitational field is
described by the torsion tensor
Tλµν ≡ eρA
(
∂µe
A
ν − ∂νeAµ
)
. (1)
The Lagrangian of the teleparallel equivalent of general
relativity (TEGR) is the torsion scalar T , constructed as
[61]
T ≡ 1
4
T ρµνTρµν +
1
2
T ρµνTνµρ − TρµρT νµν , (2)
and the corresponding action reads S = 116piG
∫
d4xe T ,
where e = det(eAµ ) =
√−g and G is the Newton’s gravi-
tational constant (we set the speed of light to c = 1).
If we use TEGR as the starting point for torsional mod-
ified gravity, the simplest such modification is f(T ) grav-
ity, with action
S =
1
16piG
∫
d4xe f(T ) . (3)
Variation of (3) with respect to the tetrads leads to the
field equations
e−1∂µ(ee
ρ
ASρ
µν)fT + e
ρ
ASρ
µν∂µ(T )fTT
− fT eλAT ρµλSρνµ +
1
4
eνAf(T ) = 4piGe
ρ
AΘρ
ν , (4)
where fT = ∂f/∂T , fTT = ∂
2f/∂T 2, and Θρ
ν denotes
the energy-momentum tensor of the matter sector. In the
above equation we have introduced for convenience the
“super-potential” S µνρ ≡ 12
(Kµνρ + δµρ Tανα − δνρ Tαµα) .
Applying f(T ) gravity in a cosmological framework,
namely imposing the homogeneous and isotropic geom-
etry eAµ = diag(1, a, a, a), which corresponds to the spa-
tially flat Friedmann-Robertson-Walker (FRW) metric
ds2 = dt2 − a2(t) δijdxidxj , (5)
with a(t) the scale factor, and inserting it into the general
field equations (4), we extract the Friedmann equations
H2 =
8piG
3
ρm − f
6
+
TfT
3
(6)
H˙ = − 4piG(ρm + pm)
1 + fT + 2TfTT
. (7)
In the above equations H ≡ a˙/a is the Hubble function,
with dots denoting derivatives with respect to t, and ρm,
pm are respectively the energy density and pressure for
the matter perfect fluid.
Let us now study the perturbations of f(T ) around
an FRW cosmological background, focusing on the grav-
itational wave part. We follow [57] and we perturb the
tetrads as
eAµ (x) = e¯
A
µ (x) + χ
A
µ (x) , (8)
where e¯Aµ represents the part of the tetrad correspond-
ing to metric components, which satisfies the equation
gµν(x) = ηABe
A
µ e
B
ν = ηAB e¯
A
µ e¯
B
ν (the part χ
A
µ that rep-
resents the degrees of freedom released from the local
Lorentz transformation is not going to play any role in
the analysis of this work). The part e¯Aµ around a spatially
flat FRW geometry writes as [21, 57, 62]
e¯0µ =δ
0
µ(1 + ψ) + aδ
i
µ(Gi + ∂iF ) ,
e¯aµ =a
[
δaµ(1− φ)
+ δiµδ
aj
(1
2
hij + ∂i∂jB + ∂jCi + ∂iCj
)]
,
e¯µ0 =δ
µ
0 (1− ψ)−
1
a
δµi(Gi + ∂iF ) ,
e¯µa =
1
a
[
δµa (1 + φ)
− δµiδja
(1
2
hij + ∂i∂jB + ∂iCj + ∂jCi
)]
, (9)
where φ, ψ, B and F are the scalar modes, Ci and Gi the
transverse vector modes, and hij the transverse traceless
3tensor mode, which lead to the standard perturbed met-
ric
g00 =− 1− 2ψ ,
gi0 =− a[∂iF +Gi] , (10)
gij =a
2[(1− 2φ)δij + hij + ∂i∂jB + ∂jCi + ∂iCj ] .
In the rest of the manuscript we set the scalar and vector
perturbations to zero, since we are interested in studying
the gravitational-wave sector.
Inserting (9) into (1) we acquire
T i0j =Hδij +
1
2
h˙ij
T ijk =
1
2
(∂jhik − ∂khij) , (11)
and consequently the torsion scalar (2) is perturbed as
T = T (0) +O(h2) = 6H2 +O(h2), (12)
with T (0) the zeroth-order quantity. Thus, we deduce
that at linear order the torsion scalar remains unaffected,
which lies behind the fact that in f(T ) gravity the gravi-
tational waves do not have extra polarization modes [59].
Moreover, the perturbed super-potential can be written
as Si
0j = Hδij − 14 h˙ij and Sijk = 14a2 (∂jhik−∂khij). In-
serting the perturbed quantities into the field equations
(4), and neglecting the matter sector, we obtain [57]
4fT
[(
H˙ + 3H2
)
δij +
1
4
(− h¨ij + ∇2
a2
hij − 3Hh˙ij
)]
+ 4f˙T
(
Hδij − h˙ij
4
)− fδij = 0 , (13)
where the derivative fT is calculated at T = T
(0). Hence,
the perturbation part of the above equation leads to the
equation of motion for the gravitational waves in f(T )
cosmology, namely
h′′ij + 2H(1− βT )h′ij + k2hij = 0, (14)
with primes denoting derivative with respect to the con-
formal time, and where we have introduced the dimen-
sionless parameter [57]
βT = − f˙T
3HfT
. (15)
Therefore, we straightforwardly deduce that the speed of
GWs is equal to one, i.e. equal to the speed of light, and
thus the experimental constraint of GW170817 is trivially
satisfied in f(T ) gravity. However, as it was mentioned
in [57], the correction term βT reflects the effect on the
gravitational waves due to the change that f(T ) gravity
brings on the background they propagate on.
In order to quantify the above effect we follow the anal-
ysis of [13, 63]. In most of gravitational modifications one
can bring the GW propagation equation in the form
h′′ij + (2 + ν)Hh′ij + (c2T k2 + a2µ2)hij = Πij , (16)
where cT is the GW propagation speed, µ is the effec-
tive graviton mass, ν is related to the effectively running
Planck mass, and Πij is a source term arising from possi-
ble additional fields. Hence, one can describe the devia-
tion of GW propagation at cosmological scales comparing
to general relativity through
h = e−De−ik∆ThGR, (17)
where
D = 1
2
∫
νHdτ ′ (18)
quantifies the amplitude modification, i.e. the damping
factor, while
∆T =
∫ (
1− cT − a
2µ2
2k2
)
dτ ′ (19)
quantifies the phase modification, i.e. the time delay.
In the case of f(T ) gravity Eq. (14) implies that
cT = 1, µ = 0, Πij = 0 and ν = −2βT . Therefore,
we deduce that in f(T ) gravity ∆T = 0, and thus we
do not obtain any phase modification in comparison to
general relativity. However, the quantity ν, which carries
the information of the f(T ) modification, will lead to a
non-zero D, and thus to an amplitude modification of
the gravitational waves comparing to general relativity.
Hence, this modification can in principle be measured in
GW observations, offering an observational signature of
this class of modified gravity. In the following sections
we quantify this behavior.
III. PRIMORDIAL GRAVITATIONAL WAVES
In this section we investigate the deviation of GW
propagation in f(T ) gravity, comparing to general rel-
ativity, focusing on the primordial gravitational waves.
As a specific model, and without loss of generality, we
will consider the power-law one, which is the most viable
one, nevertheless our analysis can be performed for every
f(T ) form. The power-law scenario corresponds to [19]:
f(T ) = T + α(−T )b. (20)
with α and b the two parameters. Inserting this into (6)
at present time we obtain
α = (6H20 )
1−b
(
1− Ωm0 − Ωr0
2b− 1
)
, (21)
with Ωm0, Ωr0 respectively the current values of the mat-
ter and radiation density parameters, and H0 the Hubble
parameter at present, and thus the only free model pa-
rameter is b. The value b = 0 corresponds to recovery of
general relativity and of ΛCDM cosmology (in this case
the parameter α is related to the cosmological constant).
We insert the above power-law f(T ) form into the
modified propagation equations of the previous section,
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FIG. 1: The CMB BB power spectrum, DBBl = l(l +
1)CBBl /2piµK, for the ΛCDM cosmology and the f(T ) grav-
ity power-law model (20), for various values of the free model
parameter b.
and we use the publicly available CLASS (Cosmic Linear
Anisotropy Solving System) code [64] in order to inves-
tigate the effects of the gravitational waves on the CMB
BB anisotropy and also to calculate the propagation of
the gravitational waves through cosmic time.
In Fig. 1 we show the CMB BB spectrum for the f(T )
gravity and the ΛCDM cosmological model as the refer-
ence model, for tensor modes only. In drawing the graphs
we have considered various values of the free model pa-
rameter b. All other parameters are fixed in the same way
for both models, based on Planck 2015 results [65]. As
we observe, for the angular scale l > 20, the theoretical
predictions for f(T ) gravity and ΛCDM are practically
identical. Thus, for small angular scales no deviations
are expected compared to standard ΛCDM cosmology.
On the other hand, we can see significant deviations at
large angular scales.
Additionally, the theoretical CMB BB spectrum
should also present a peak at l ' 5, still to be detected
by future experiments, due to the effects of tensor modes
on the scattering during the reionization epoch. At low-l,
the large angular is dominated by modes that have not
entered the horizon at recombination and therefore are
approximately constant. Thus, the effects due to f(T )
modification can be quantified on the reionization peak
(which should be located at l ' 5), where we can note
different predictions for a range of values of model pa-
rameter b compared to the reference ΛCDM scenario. In-
terestingly, future measurements of the reionization peak
by CMB spectrum could be used to discriminate between
f(T ) gravity and standard cosmology scenario.
In Fig. 2, following the approach of [63], we depict the
propagation of GWs as the function of the scale factor,
for various values of the model parameter b of the power-
law form (20), in order to investigate how b affects the
amplitude damping. It is already known that the ampli-
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FIG. 2: Propagation of the gravitational waves at k =
0.01Mpc−1, in ΛCDM scenario and in the f(T ) gravity power-
law model (20) for various values of the free model parameter
b, as a function of the scale factor a = (1+z)−1. Upper graph:
full cosmological history. Lower graph: late-time cosmological
history.
tude of GWs decays rapidly immediately after the tensor-
modes entry into the horizon, while before the entrance
to the horizon the amplitude is practically constant. The
expansion of the Universe leads to damping of the tensor
modes with the term proportional to h′. We have noted
that for a < 0.01, namely at early times, taking different
ranges in orders of magnitude of b, only a tiny deviation
from ΛCDM paradigm appears. On the other hand, for
a > 0.01 the damping factor becomes significant, and we
can see that already at the matter era the amplitude of
GWs becomes practically null (or extremely small) for
b > 10−5. For instance, for b = 10−2 we have h ' 0 at
a ' 0.04, while for b = 10−5 we get that h ' 0 at a ' 0.4.
Moreover, when the Universe enters into the accelerated
phase only for the cases b = 10−6, 10−7 the tensor-modes
oscillations are non-null, however in the case b = 10−6 the
modes quickly decay and only in the case b = 10−7 they
survive up to present time. Concerning the phase, we do
5not observe any difference, since as we discussed there is
no phase modification in f(T ) gravity (∆T = 0 in (17)).
In summary, the more b departs from its general rel-
ativity value b = 0 the larger is the GW amplitude de-
cay comparing to ΛCDM scenario. This is because for
larger b values the tensorial modes enter in the cosmolog-
ical horizon earlier, compared to the standard prediction
within ΛCDM cosmology, and thus the GW amplitude
goes rapidly to zero already in radiation and matter eras.
Hence, we deduce that a possible future detection of pri-
mordial gravitational waves would imply that b . 10−7
(taking the specific scale k = 0.01Mpc−1), bringing the
viable f(T ) gravity models five orders of magnitude closer
to ΛCDM cosmology comparing to standard cosmologi-
cal constraints based on SN Ia, BAO, CMB, H(z) data
[51–56]. This fact reveals the capabilities of gravitational-
wave astronomy, since such strong constraints were pos-
sible to be obtained only through Solar-System data [66].
IV. PLANCK AND CORE CONSTRAINTS
In this section we present new observational con-
straints on f(T ) gravity, arising from the CMB data
from Planck collaboration [65], as well as from forecasts
that are expected from near-future probes such as CORE
[67, 68]. Similarly to the previous section we will use the
CLASS code [64]. We mention that in the present analy-
sis we only consider the CMB data, neglecting the influ-
ences of the external data, since we are particularly in-
terested in quantifying and analyzing the effects of equa-
tions (14)-(15), i.e. the modified GWs propagation in
f(T ) gravity, as well as its effects on CMB. The f(T )
gravity has been recently well constrained from the geo-
metrical data [53, 56], and using the CMB data for the
first time in [55].
Concerning the Planck data we use the likelihood fake
planck realistic included in MontePython code [69], tak-
ing into account the temperature, polarization and CMB
lensing extraction, and we adopt noise spectra roughly
matching those expected from the full Planck results.
The baseline parameter space is given by
P ≡ {100ωb, ωcdm, ln 1010As, ns, τreio, H0, r, b},
where the parameters in P from left to right are respec-
tively the baryon density, the cold dark matter density,
the amplitude and slope of the primordial spectrum of
metric fluctuations, the scalar spectral index, the optical
depth to reionization, the Hubble constant, the tensor-
to-scalar ratio, and the free parameter (i.e. b) of the
power-law f(T ) model (20). The priors used for the
model parameters are the following: ωb ∈ [0.005, 0.1],
ωcdm ∈ [0.01, 0.99], ln 1010As ∈ [2.4, 4.0], ns ∈ [0.5, 1.5],
τreio ∈ [0.01, 0.8], H0 ∈ [50, 90], r ∈ [0, 1.0], and b ∈
[0, 0.1].
Concerning the CORE analysis we use the likelihood
CORE m5 also included in MontePython. The experi-
mental specifications for CORE data in our analysis are
summarized in Table I.
Channel [GHz] FWMH [arcmin] ∆T ∆P
130 8.51 3.9 5.5
145 7.68 3.6 5.1
160 7.01 3.7 5.2
175 6.45 3.6 5.1
195 5.84 3.5 4.9
220 5.23 3.8 5.4
TABLE I: Experimental specifications for CORE, with fre-
quency channels dedicated to cosmology, and beam width,
temperature sensitivity, and polarization sensitivity for each
channel, in units of µK arcmin.
In our forecasts, we assume lmin = 2, lmax = 3000, and
fsky = 0.70. We forecast the f(T ) gravity with the set of
cosmological parameters shown in P.
In the forecasting analysis we assume the fiducial val-
ues of the above parameters as: {2.22, 0.119, 3.07, 0.962,
0.05, 68.0, 0.1, 0.005}. The details of the methodology
used in the CORE likelihood can be seen in [67, 68].
In the upper graph of Fig. 3 we present the parametric
space in the ns− r plane, where for the analysis we have
assumed the pivot scale at k = 0.05 Mpc−1, which is the
standard in the literature. As we observe, r < 0.23 at
95% confidence level (CL) and ns = 0.96± 0.005 at 68%
CL from the Planck data. These results are also in accor-
dance with the Planck team assuming ΛCDM [70], where
no evidence for a non-null r is also reported and ns < 1
up to 5σ CL. According to the authors’ knowledge, this
is the first observational constraints on inflation param-
eters (plane ns − r) obtained directly in the context of
f(T ) gravity.
In the lower graph of Fig. 3 we present the parametric
space in the H0− b plane. As we can see, H0 = 69± 5.42
km/s/Mpc and b = 0.005 ± 0.006, both at 68% CL. As
already noted in [55] (within a different theoretical and
observational perspective), f(T ) gravity can provide high
H0 values, and therefore a possible solution to the H0
tension might be available in this context [55].
In this work, incorporating the propagation modifica-
tion of the tensor modes due to f(T ) gravity and its ef-
fects on CMB, we can again see that H0 is fully compat-
ible with local measurements, namely H0 = 73.2 ± 1.74
[71], even at 1σ CL.
We proceed motivated by the future CMB experi-
ments, and we apply the inherent modifications due to
f(T ) gravity aiming to impose bounds on the baseline
parameters of the model. In the upper panel of Fig. 3
we additionally present the parametric space in the plane
ns− r via CMB CORE forecasts. In this way we can see
how much can CORE improve the constraints compared
to the current Planck ones. We find r = 0.1 ± 0.020
and ns = 0.96 ± 0.0017 at 68% CL (as we mentioned
above, we assume r = 0.1 and ns = 0.96 in the forecast
60.08 0.16 0.24
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FIG. 3: Upper graph: One-dimensional marginalized pos-
terior distributions and 68%, 95% CL regions in the ns − r
plane at k = 0.05 Mpc−1, from the Planck data and CORE
forecasts. Lower graph: One-dimensional marginalized poste-
rior distributions and 68%, 95% CL regions in the H0 − n
plane (where b is the free parameter of the f(T ) gravity model
(20)) from the Planck data and CORE forecasts.
data simulation). Let us define the improvement with re-
spect to the constraints arising from the Planck data as
Ii = σPlanck/σCORE
1. Thus, for the parameters of our
interest, we find that Ir = 11.5 and Ins = 2.94. Within
1 The label i runs over the parameters given in P.
the ΛCDM paradigm, the CORE collaboration [68] finds
for instance r = 0.0042±0.00028, assuming r = 0.0042 in
the forecast analysis. For other forecastings using CORE
estimation see [67, 68].
In the lower graph of Fig. 3 we depict the bounds that
CORE results can impose directly on the free model pa-
rameter of the power-law f(T ) model, and in particular
we find that b = 0.0050 ± 0.00049. Here, we note an
improvement of Ib = 12.2. As we can see, future con-
straints could improve current constraints with respect
to the Planck data, on the f(T ) gravity free parameter,
by a factor of 12. A precise measurement of this param-
eter, with that magnitude of improvement, can offer an
opportunity to check deviations from the general theory
of relativity. The value b = 0.0050 is the best-fit value
that arises from the Planck data too, thus it is reason-
able to consider it for performing our forecast simulation.
Hence, we may conclude that the forecast errors on b may
limit a non-null value on this parameter by taking future
CMB missions. This will be a clear signature that a de-
viation from ΛCDM cosmology is favored.
V. GRAVITATIONAL WAVES FROM
MERGERS
In the previous section we investigated the effects of
f(T ) gravity on the primordial GWs. In this section we
present a preliminary discussion on the possibility to use
the properties of the detected GWs that arise from merg-
ers, in order to impose constraints on f(T ) gravity and on
modified gravity in general. In this direction, the GWs
that are accompanied by electromagnetic counterparts
are proved to be extremely efficient.
In the case of detection of GWs that arise from black
holes mergers ones does not have any other information
apart from the properties of the GWs at the moment they
reach earth, and the direction in space they came from
(in the case where three different detectors are used).
Hence, assuming that general relativity is the underly-
ing gravitational theory and that ΛCDM cosmology is
the background cosmological model one can calculate the
distance of the merger, the involved black hole masses,
and the properties of the GWs at the moment of emis-
sion [1–6]. Definitely, assuming a modified gravity and
its implied cosmology as the underlying theory will lead
to different calculations, and thus one faces degeneracies
that do not allow for distinguishing different theories.
However, the situation changes radically in the case
of detection of GWs that arise from neutron stars merg-
ers, which are accompanied by an electromagnetic coun-
terpart. In this case apart from the properties of the
GWs at the moment they reach earth and their origin
direction, one can additionally calculate their propaga-
tion speed, the distance of the merger, and the involved
neutron stars masses, independently of the underlying
gravitational theory and cosmological scenario, just us-
ing the implied physics from the electromagnetic infor-
7mation [7, 8]. Therefore, without assuming an underly-
ing cosmology one can find the properties of the GWs
at the time of their emission too. Hence, knowing the
GWs properties at both the emission and detection time
one can extract information for the background on which
they propagated and thus impose constraints on the grav-
itational theory that determines it. In the case of f(T )
gravity, as we described in Section II, the effect of the
f(T ) modification on the underlying cosmology leads to
an amplitude modification comparing to the GWs prop-
agating in ΛCDM scenario under general relativity, with-
out a phase change.
In principle one can follow the above roadmap and im-
pose new constraints on f(T ) gravity. In practice how-
ever, the involved procedure is very complicated and one
needs to perform a thorough investigation on the GWs
generation from neutron star mergers in the framework
of f(T ) gravity itself. In these lines the analysis can
be based on the recent work [14], focusing on the strain
amplitude of the generated Gws. Since the necessary
calculations are lengthy and complicated and lie beyond
the scope of the present work, which is mainly the in-
vestigation of cosmological GWs, it is left for a separate
project.
VI. CONCLUSIONS
The advancing GWs multi-messenger astronomy offers
a new window to observe nature, and amongst others
to extract information about cosmology and gravity. In
this work we focused on the case of f(T ) gravity, and we
studied the new observational constraints that arise from
the effect of primordial GWs on the cosmic microwave
background (CMB) anisotropies and the BB spectrum.
The main feature of the investigation that lies at the
basis of the analysis, is that the underlying gravita-
tional theory determines both the properties of the GWs
themselves (speed, polarization modes, etc) as well as
the properties of the background on which they propa-
gate (the expanding universe). Hence, one can use the
GW features in order to impose constraints on the vari-
ous gravitational theories and offer a way to distinguish
them. In the particular case of f(T ) gravity (where it
was recently shown that GWs propagate with the light
speed [57, 58], without extra polarization modes [35]), we
showed that one obtains only an amplitude modification
and not a phase one on the GWs propagation, compar-
ing to the case of general relativity in the background of
ΛCDM cosmology.
Concerning primordial GWs, and focusing without loss
of generality on the power-law f(T ) model, we showed
that the more the model departs from general relativity,
i.e. the more the exponent b departs from its general
relativity value b = 0, the larger is the GW amplitude
decay comparing to ΛCDM scenario. Hence, we deduced
that a possible future detection of primordial gravita-
tional waves would imply that b . 10−7 (analyzing on the
scale k = 0.01 Mpc−1), bringing the viable f(T ) gravity
models five orders of magnitude closer to ΛCDM cos-
mology comparing to standard cosmological constraints
based on SN Ia, BAO, CMB, H(z) data [51–56]. This
fact reveals the capabilities of gravitational-wave astron-
omy, since such strong constraints were possible to be
obtained only through Solar-System data [66].
Additionally, we used the CLASS code in order
to quantify the primordial GWs effect on the CMB
anisotropies and the BB spectrum. We used both the
data from the Planck probe, as well as forecasts from the
near-future CORE collaboration. As we showed, possible
non-trivial constraints on the tensor-to-scalar ratio would
favor a model parameter b different from its general rel-
ativity value, offering a clear signature of f(T ) gravity
comparing to ΛCDM cosmology.
Finally, we examined the possibility of constraining
f(T ) gravity through the detection of GWs that arise
from neutron stars mergers, which are accompanied by
an electromagnetic counterpart. In this case, apart from
observing the properties of the GWs at the time of detec-
tion one can use the features of the electromagnetic ob-
servations and the deduced physics of the neutron stars to
find the properties of the GWs at the time of their emis-
sion, without any assumption on the underlying theory
of gravity and the background cosmological evolution.
Hence, knowing the GWs properties at both the emission
and detection time it is possible to extract information
for the background on which they propagated and thus
impose constraints on the gravitational theory that de-
termines it. Since the basic scope of the present work is
mainly the investigation of cosmological Gws, the above
detailed investigation is left for a separate project.
In summary, we showed how one can use information
from the advancing multi-messenger GW astronomy in
order to extract new observational constraints on f(T )
gravity. As we saw, f(T ) gravity remains in agreement
with observations and thus a good candidate for the de-
scription of nature.
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